Hernia repair is the most common general surgical procedure performed in the United States; however, historically, there has been a surprising lack of consensus regarding hernia complications and their management. The development of international, prospectively-collected databases such as the Americas Hernia Society Quality Collaborative has introduced a new era of evidence-based practice around the prevention and management of these complications. This review seeks to equip surgeons with evidence-based techniques for prevention and management of the most common complications of open ventral hernia repair.
INTRODUCTION
Complications after hernia repair are divided into general surgical complications and hernia specific complications. The Clavien Dindo classification system can be used to classify general surgical complications based on severity and required interventions [1] . The Ventral Hernia Working Group describes hernia specific complications as surgical site occurrence (SSO) to standardize the nomenclature when studying outcomes after hernia repair. SSO is a category of complications that includes surgical site infection (SSI), seroma, hematoma, wound dehiscence, and enterocutaneous fistula [2] . Petro et al. [3] found an association between SSO and the complexity of hernia repair using a hernia staging system that focuses on the defect size and presence of contamination. Stage 1 hernias are less than 10 cm and in clean fields and have been found to have a SSO and recurrence rate of 10%. Stage 2 hernias are larger, 10-20 cm or < 10 cm in contaminated fields, and have an SSO rate of about 20% and recurrence rate of 15%. Stage 3 hernias are > 20 cm wide or > 10 cm in contaminated fields and have the highest risk of SSO at 42% and recurrence of 26%. This system allows surgeons to have a frank discussion with their patients pre-operatively about their expected complication risk.
While such staging systems are helpful in risk stratification, SSO remains a broad category including 5 types of complications and fails to account for their clinical significance. Separate systems exist for each category of SSO to document a difference between small asymptomatic seromas and large, symptomatic seromas requiring intervention for example [4] .
EARLY COMPLICATIONS

Mesh infection
Much attention has been paid to prevention of SSI in hernia repair, especially with the increased use of prosthetic mesh. These are divided into superficial, deep, and organ space SSI and are directly correlated with the level of contamination during the case. Superficial SSI should be managed using general surgical principles of drainage and, possibly, short-course antibiotics. Management of deep and organ space SSI hinges greatly on the concern for infection of the prosthetic mesh [5] .
The true diagnosis of mesh infection requires a positive culture of fluid from around the mesh or a culture of the mesh itself. Periprosthetic fluid on imaging can often represent sterile seroma or hematoma, so fluid should be aspirated and sent for culture if there is concern for mesh infection. However, deep infections should be treated aggressively, and with a high index of suspicion, as seeding of the mesh can be subclinical and may lead to long-term complications. A retrospective review of 21 mesh infections found that 76% of mesh infections were due to Staphylococcus aureus and about half of these were methicillin-resistant. The minority of infections are due to Staphylococcus epidermidis or Streptococcus pyogenes or Gram-negative species of Escherichia coli or Klebsiella in the case of gastrointestinal contamination [6, 7] .
Prevention of mesh infection begins with tailoring the type of mesh chosen for the clinical scenario. We recommend the use of medium-weight macroporous polypropylene (PP) in clean fields due to their resistance to biofilm formation, improved clearance of infection, and repair durability compared to PTFEbased meshes [5] . In contaminated or clean-contaminated fields, the evidence on mesh selection is not as clear, and absorbable mesh is recommended due to the high risk of synthetic mesh infection. Itani et al. [8] and Rosen et al. [9] showed in a prospective trial that using biosynthetic absorbable mesh resulted in improved SSI rates (18% vs. 35%) as well as long-term recurrence rates (17% vs. 28%) when compared to previous trials of porcine mesh in these settings More recently, however, macroporous synthetic mesh has been found to have equivalent infection rates in contaminated fields and is also an acceptable option [10] .
Once a mesh infection has been confirmed, early source control and antibiotics are required. An effort should be made to salvage the mesh, avoiding removal. Patients showing signs of sepsis may require early operative intervention characterized by pulse-lavage antibiotic solution irrigation, followed by wide closed suction drain placement adjacent to the mesh and fascial closure once again if the mesh had been placed retromuscular. In the setting of florid sepsis, source control, wound packing, and interval abdominal wall closure is often all the patient will tolerate. Some small series have shown the success of mesh removal with single stage primary closure with bilateral myofascial rectus abdominis release; however, the hernia recurrence rates range 35%-88% [11, 12] . This setting is an ideal application for absorbable biosynthetic mesh, where it can substantially reduce recurrence rates down to 17% [9] . Absorbable mesh should be placed as a sublay in the retrorectus space and can be placed at the index operation or in a staged approach.
In patients without systemic signs of sepsis, an effort toward mesh salvage should be attempted. Patients should be immediately started on broad spectrum antibiotics and these can be narrowed based on culture data. Percutaneous drainage of any fluid surrounding the mesh should be performed and the drain should be left in place until source control is satisfactory. Any overlying necrotic tissue should be surgically debrided; exposed mesh can be irrigated with antibiotics; and negative pressure wound management systems can be placed to allow granulation formation over the mesh. Success rates of mesh salvage protocols have been promising; however, this is very dependent on the structure of the mesh, with macroporous mesh in the retrorectus position having the highest salvage rate [13] . PTFE, multifilament polyester, and heavy weight, microporous PPE, however, almost universally require explantation once infected due to their poor tissue ingrowth and biofilm formation that prevent clearance of bacteria [14] . Thus, upfront excision of these mesh types is recommended to expedite recovery and ultimate reconstruction [12] .
Seroma
Every patient who has an open hernia repair will develop some element of a seroma due to the potential spaces created in the abdominal wall. The vast majority of seromas are asymptomatic and most resolve without any intervention. Morales-Conde et al. [4] created a seroma classification system, in which they defined seromas as a complication only if they are symptomatic, persist longer than 6 months, or become infected (Types III and IV). Clinically detected seromas that last less than 6 months (Types I and II) are classified as an incidental finding, reflecting that these are considered normal sequela of the operation. Type III seromas last longer than 6 months or become symptomatic, but do not require intervention, while Type IV seromas are symptomatic and require intervention. In this classification system, only Type III and IV seromas should be considered true complications as they affect the clinical progression of the patient.
Routine drain placement to prevent seromas has been debated over concerns that drains in direct contact with the mesh could increase the risk of infection. In 2017, Krpata et al. [15] queried the Americas Hernia Society Quality Collaborative (AHSQC) and reviewed 200 cases where drains were placed in the retromuscular space and 100 cases where they were not. These cases were matched based upon hernia complexity and comorbidities. They found no difference in superficial, deep, or organ space SSI between the groups, but there was an overall increase in SSO in the no drain group (20% vs. 10%, P = 0.02) with seroma formation being the most significant increase (8% vs. 2%, P = 0.01). They did not, however, see a difference in surgical site occurrences requiring procedural intervention (SSOPI), suggesting that most of these seromas resolved without intervention. They concluded that routine drain placement does not increase the risk for infection and may reduce the risk of seroma formation, although the clinical significance of seroma formation continues to be debated.
Once a seroma has grown to cause pain, impede normal activities, or persist for longer than 6 months, intervention is recommended for the alleviation of symptoms. The primary treatment option is percutaneous drainage, which can be done with serial aspirations or by leaving a secured catheter in place and monitoring the output overtime. These can either be performed in the office blindly or under radiographic guidance with ultrasound or computed tomography, as long as a sterile technique is followed to prevent secondary infection of the seroma. For seromas refractory to simple drainage, chemical or mechanical sclerotherapy have both been described. Chemical sclerosing agents including talc, tetracycline, doxycycline, ethanol, erythromycin, fibrin glue, and povidone/iodine have all been used with high success rates and few complications; however, only small case series exist in the literature [16, 17] . Lehr and Schuricht [18] described endoscopic ablation of the inner lining of the seroma using the argon beam in extreme cases. Three ports are inserted into the seroma and the fluid is drained, followed by insufflation to allow endoscopic guidance of the argon beam to ablate the entire lining of the seroma. These advanced techniques should be used only in extreme cases, after failure of watchful waiting and percutaneous drainage.
Flap necrosis
Any surgeon performing complex ventral hernia repair should have an intimate knowledge of the blood supply to the abdominal wall. The inferior epigastric artery supplies the majority of blood flow to the rectus abdominis muscle with collaterals to the superior epigastric from the internal mammary. These send perforating branches anteriorly through the anterior rectus sheath to supply the subcutaneous fat and overlying abdominal wall skin. The largest concentration of these perforators lies within 10 cm of the umbilicus in all directions and preservation of this pedicle is paramount in preventing tissue ischemia and subsequent SSO. This principle has driven innovation in abdominal wall reconstruction to preserve as much of the abdominal wall blood supply as possible [19] .
To minimize large subcutaneous flaps that contribute to skin necrosis, retrorectus placement of the mesh whenever possible in a "sublay" technique has been widely popularized in recent years [20] . If a component separation is required for closure of the midline, the debate over wound complication rates between anterior component separation (ACS) and transversus abdominis release (TAR) still continues. The TAR repair has been described extensively with very low wound complication rate. In Novitsky's 2012 paper, only one of the 42 original patients developed skin flap necrosis with the TAR technique, and this patient had subcutaneous flaps raised during the initial operation [21] . Harth et al. [22] presented similar findings when studying the flaps raised in panniculectomy during hernia repair. They found a 70% wound complication rate in the panniculectomy group with 40% requiring return to the operating room for debridement. This highlights the morbidity associated with large subcutaneous flaps on the abdominal wall when combined with hernia repair.
For large hernias in which mobility of the anterior elements prevents closure of the linea alba, an ACS may be required to gain mobility of greater than 15 cm. In this case, a periumbilical perforator sparing technique preserves blood supply to the skin flap and has been shown to reduce SSO and skin necrosis [23, 24] . This technique involves tunneling around the periumbilical pedicle of perforator vessels to gain access to the external oblique muscle release, and can be done either open or endoscopically [19] . If concerns of ischemia remain, the flap can be evaluated with fluorescence angiography to thoroughly evaluate the viability of skin and subcutaneous tissue [25] . The mesh should still be placed in the retrorectus space to prevent further undermining of the flap, and to provide another barrier between the skin and the mesh should skin necrosis or SSI occur [20] .
Interparietal hernia
Interparietal hernias occur in retromuscular repairs due to dehiscence of the posterior rectus fascia/ peritoneal closure, allowing intrabdominal contents to herniate between the posterior fascia and the mesh. Bowel can become acutely incarcerated in this layer, or adhesions and fistulas can form due to direct exposure of the mesh to the bowel. This is a rare complication with only small case series in existence, the largest of which describes 9 (1.8%) cases out of 511 retromuscular hernia repairs. In this series, the majority of patients presented with acute obstruction within 30 days of the index operation. One patient presented over 10 months after surgery with resolving abdominal pain and 2 were found incidentally on imaging for other reasons. Because of its rarity, the diagnosis can be difficult and is often missed because of the atypical appearance on CT scan. On cross sectional imaging, the posterior sheath can appear as a shelf with fluid, omentum, or bowel lying between it and the overlying rectus muscles [ Figure 1 ] [26, 27] .
Lack of bowel function within a few days of surgery should be treated with a high index of suspicion and be evaluated with a CT scan to look for acute causes of bowel obstruction. In the case of interparietal hernia, management then depends on the timing of presentation. In the acute period, the mesh can be in direct contact with bowel increasing the risk of adhesions. The posterior defect should be bridged with a piece of absorbable synthetic or biologic mesh; this acts as a barrier between bowel and the mesh to allow time for reperitonealization. In the case of late presentations, 2-3 weeks post operatively, the mesh should be completely peritonealized, and the objective here is to obliterate the space above the posterior sheath to prevent bowel from herniating above. This can be done by simply lifting the edges of the posterior sheath with either transfascial sutures or an absorbable tacking device to attach it to the mesh and obliterate the potential space [27] .
LATE COMPLICATIONS
Mesh exposure
A long-term complication of SSI or flap necrosis can be exposure of the mesh. One of the arguments for retrorectus placement of mesh is that the rectus acts as another layer between the mesh and the skin, preventing exposure of the mesh if the skin and subcutaneous tissue are debrided. However, when mesh does become exposed, it can create a chronic wound that is difficult to epithelialize. A trial of mesh salvage is almost always appropriate when the patient is stable and not septic. Once necrotic tissue has been fully debrided, negative pressure wound therapy can be used to encourage granulation formation through the mesh pores, ultimately covering the mesh [28] . In animal models, the degree and speed of tissue integration is greatest with macroporous (1.8 mm × 3.4 mm pore size) compared to microporous mesh (0.9 mm × 1 mm pore size) [29] . This is thought to be one of the contributing factors in the improved salvage rate of macroporous mesh [12] . Once a thick base of granulation tissue covers the entire mesh, the wound can be covered using a split-thickness skin graft.
Berrevoet et al. [13] reviewed 54 cases of macroporous mesh placed in the retrorectus space that was exposed or infected. Mesh salvage was achieved in all patients studied, with a mean wound closure time of 44 days (range, 26-73 days) and 5 dressing changes. If chronic wounds or draining sinus tracts exist, small portions of the exposed mesh can be debrided to improve wound healing. Patients should be supported with enteral or parenteral nutrition to avoid protein calorie malnutrition, and immunosuppressants should be minimized to improve wound healing. PTFE, multifilament polyester, and heavy weight, microporous PPE are more difficult to salvage due to their poor tissue ingrowth and biofilm formation, which prevents complete clearance of bacteria. If explantation is required, meticulous removal of all mesh and synthetic material, including suture and tacks, should be performed. Primary closure with staged repeat repair should be performed if possible, or use of biosynthetic mesh if required for coverage of intrabdominal contents [9] .
Enterocutaneous fistula
Enterocutaneous fistula (ECF) is a feared long-term complication of hernia repair, occurring on average 2 years after the index operation. These often present as a chronic mesh infection that is followed by bilious Figure 1 . A: laparoscopic image of bowel herniated above the posterior rectus sheath and in contact with the exposed mesh. B: CT image showing the dehisced posterior rectus sheath with bowel herniated above. Linea alba is intact with no full thickness herniation or feculent drainage and require multiple interventions and hospital admissions to resolve. The literature suggests that avoidance of enterotomies at the index operation is the best way to prevent fistula formation post operatively. In a large database review of elective ventral hernia repairs, enterotomy or unplanned bowel resection (EBR) increased the ECF formation rate from 0.7% to 7.1% (P < 0.01). The authors found that repair of recurrent hernias where mesh had been placed at the index operation had a significantly higher rate of EBR compared to primary hernia repair or recurrent repair after prior suture repair alone (20.4% vs. 5.7%, P < 0.001). This highlights the difficulty of reoperative hernia surgery and the importance of meticulous lysis of adhesions to prevent devastating complications in the future [7, 30] .
For many years, it has been thought that PP mesh would have a higher risk of ECF formation due to the vigorous foreign body response and inflammation it incites when compared to polyester or PTFE. However, long-term data on retrorectus technique have shown no increased ECF formation with PP mesh when compared to PTFE [31] . This was further supported by Brandi et al. [32] , who reported no ECF even with uncoated polypropylene mesh in the intraperitoneal position.
Management of ECF should start with conservative measures and control of contamination, because immediate mesh explanation is associated with a high risk of EBR, which could result in even further fistula formation [7] . Macroporous polypropylene and polyester mesh are more likely to be salvaged than PTFE due to its poor tissue ingrowth and biofilm formation. Conservative management should include opening the tract to control sepsis, nutritional support with TPN, somatostatin, downstream decompression, and appropriate wound care, which can lead to spontaneous closure in many cases [33] . If the fistula fails to close, it is recommended to wait for 6 month to allow for spontaneous closure and maturing of adhesions before mesh excision and bowel resection is undertaken [34] . In a recent review of the AHSQC database, Kao et al. [35] looked at outcomes from partial mesh excision (PME) vs. complete mesh excision in clean, clean-contaminated, contaminated, and dirty wounds as well as cases with ECF. Not surprisingly, they found a higher rate of SSI, SSO, SSOPI, and reoperation in the PME group in cases of ECF, contaminated or dirty wounds [35] . In the case of mesh infection or fistula, all permanent pieces of mesh and suture should be removed as they will serves as a nidus for future infection or wound complications.
Hernia recurrence
It is well established at this point that placement of synthetic mesh during hernia repair reduces hernia recurrence rates compared to suture repair alone. The largest study on recurrence was on the Denmark national health system data bank, which followed 3242 patients for a median of 5 years and found a 12.3% recurrence rate with mesh compared to 17.1% without [36] . The most common site of recurrence is in the midline directly through central fractures in the mesh, accounting for up to 39.6% of recurrences [37] . Factors that increase the risk of mesh fracture can be both technical in nature and due to material weakness. There has been a shift in mesh material towards lightweight mesh due to its improved flexibility and decreased shrinkage over time as there is less inflammatory reaction to a decreased volume of material [38] . However, this comes at the price of decreasing its overall strength, especially when combined with a macroporous configuration to allow for bacterial clearance. Petro et al. [39] recently published their experience with macroporous lightweight polyester placed in the retrorectus position on 36 patients. Of the eight (22%) recurrences after 13 months, seven (19%) were found to have a central mesh fracture as the mechanism of recurrence. Warren et al. [37] also found that the use of lightweight polypropylene mesh was an independent risk factor for central mesh fracture. Because of this, medium-or heavyweight mesh is recommended, especially when using a macroporous mesh.
While the material of the mesh itself may be partially to blame, there are also technical factors that place patients at risk for central mesh fracture. Failure to close the midline or midline dehiscence leaves the mesh unsupported by the abdominal wall, causing increased stress and eventual fracture of the mesh. There is no substitute for good technique when closing the linea alba, utilizing small bites and adequate myofascial release to bring the midline together with minimal tension [40] . Mesh fracture has also been associated with SSI, which weakens the fascial layers and in turn places mechanical stress on the mesh. Mesh fixation with sutures, staples, and tacks has not been associated with fracture, although this was previously thought to be a possible source. Failures around the mesh are most commonly found at the site of transfascial fixation sutures, which pull through and weaken the abdominal wall, or due to inadequate mesh-tissue overlap in all directions.
Maloney et al. [24] reviewed a large hernia database to determine risk factors for recurrence after component separations. There was a higher risk of SSO with ACS leading to a higher overall recurrence rate; however, on univariate analysis, there was no difference between anterior and posterior component separations, and no association with smoking status, steroid use, diabetes, or peripheral vascular disease. There was, however, an association with BMI greater than 35, use of absorbable mesh, SSO, SSI, and failure to close the fascia. The exact effect of BMI on recurrence after hernia repair is difficult to ascertain due to heterogeneity in the literature, although an increase in hernia recurrence has consistently been found with BMI > 30-35 [41] . Interestingly, recurrence was not associated with the size of the defect as long as the fascia was closed, reinforcing the importance of adequate myofascial release and midline closure technique.
Unfortunately, recurrent hernia itself is a risk factor for recurrence of subsequent repairs, meaning that many patients enter a vicious cycle of multiple failed repairs. The risks of complete mesh excision can be significant, often requiring extensive lysis of adhesions with risk of bowel injury. In addition, if the mesh is well incorporated, there is a risk of destruction of the native abdominal wall components, making subsequent repairs more difficult. In the aforementioned review of the AHSQC database, Kao et al. [35] also compared partial vs. complete mesh excision in clean cases such as excision for pain or recurrent hernia. In these cases, there was no difference in SSO, SSI, SSOPI, or reoperation in patients who only underwent partial excision of the mesh. This suggests that, in the case of small recurrence without any infection, it is reasonable to repair the hernia without complete excision of previous mesh. If the recurrent defect is through the mesh, primary repair should be performed with permanent suture bites through the previous mesh to reestablish its continuity. Defects above or lateral to the mesh can be repaired with underlay or sublay technique either laparoscopically or open. Mesh fractures larger than 2 cm should be treated with explantation and repeat repair with permanent mesh to prevent layering of mesh in the abdominal wall.
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